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Objectives The goal of this study was to define electrocardiographic (ECG) and echocardiographic characteristics of adoles-
cent African athletes.
Background Recent observations in African athletes reported large prevalence of left ventricular (LV) hypertrophy and ECG
abnormalities. No data, so far, exist for adolescent Africans, which comprise a growing proportion of competi-
tive/professional athletes.
Methods The study included 154 soccer players participating at the 8th African Under-17 Championship of 2009, repre-
senting Algeria, Burkina Faso, Cameroon, Gambia, Guinea, Malawi, Nigeria, and Zimbabwe. For comparison, 62
Italian players with similar ages, sport achievements, and training schedules were included.
Results African athletes showed higher R5/S1-wave voltages than Caucasian athletes (48.6  12.1 mm vs. 34.1  8.9
mm; p  0.01), larger prevalence of ECG LV hypertrophy (89% vs. 42%; p  0.001), ST-segment elevation (91%
vs. 56%; p  0.001), and deeply inverted, or diffusely flat/biphasic, T waves (14% vs. 3% [p  0.05] and 25%
vs. 8% [p  0.008], respectively). LV wall thicknesses were increased in Africans by 5% compared with Cauca-
sians, and exceeded normal limits (13 mm) in 4 Africans but in no Caucasians. No athlete showed evidence of
cardiomyopathies (i.e., hypertrophic cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy). On individual
analysis, Algerians showed lower R/S-wave voltages compared with other African athletes. Increased wall thickness
(13 mm) was observed only in sub-Saharian athletes (from Burkina Faso, Cameroon, and Niger).
Conclusions African athletes displayed large proportion of ECG abnormalities, including a striking increase in R/S-wave volt-
age, ST-segment elevation, and deeply inverted or diffusely flat T waves by adolescence. LV remodeling in Afri-
can athletes was characterized by a disproportionate wall thickening than in Caucasians but similar cavity size.
Finally, distinctive peculiarities existed in African athletes according to the country (and ethnic) origin. (J Am
Coll Cardiol 2012;59:1029–36) © 2012 by the American College of Cardiology Foundation
Published by Elsevier Inc. doi:10.1016/j.jacc.2011.12.008In recent years, a growing amount of attention has been paid
to race-related differences in morphologic and electrocar-
diographic (ECG) features of the “athlete’s heart,” based on
the observation that athletes from African descent show a
larger proportion of left ventricular (LV) hypertrophy
and 12-lead ECG abnormalities compared with Cauca-
sians (1– 4). These reports have fueled an intense clinical
interest within the cardiology and sport medicine com-
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accepted December 4, 2011.munities, in view of the contemporary globalization of
professional sports and the growing number of African
players recruited in athletic teams in the most affluent
Western countries.
At present, no data are available regarding the character-
istics of the athlete’s heart in adolescent African athletes,
which comprise a substantial—and further growing—
number of the athletes engaged in professional sports in
Europe and the United States. Moreover, scientific state-
ments of the European Society of Cardiology and governing
sports organizations, including the Fédération Internation-
ale de Football Association (FIFA) and the International
Olympic Committee, recommend preparticipation screen-
ing, including 12-lead ECGs for all competitive/
professional athletes (5–7). This screening conveys the
difficult task of appropriate interpretation and management
of young individuals presenting with ECG and morpholog-
ical abnormalities of uncertain clinical significance. There-
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The Athlete’s Heart in Adolescent Africans March 13, 2012:1029–36fore, we believe that it is timely
and appropriate to define the
ECG and echocardiographic
characteristics of the athlete’s
heart in adolescents of African
origin.
Methods
Setting. The FIFA Medical As-
sessment and Research Centre
developed a pre-competition
medical assessment program
with the goal of timely identification of young soccer players
at risk for cardiac arrest (7). The protocol for this program
includes medical history, clinical examination, 12-lead
ECG (as suggested by European Society of Cardiology and
the International Olympic Committee), and two-
dimensional Doppler echocardiography. First imple-
mented before the FIFA World Cup 2006 and the FIFA
Women=s World Cup 2007, the precompetition medical
ssessment was applied at the 8th African Under-17
009-Championship in Algeria, and data derived from
he participating athletes were used for the present
nvestigation.
In Italy, law requires that all athletes participating in
fficially sanctioned competitive sports undergo prepartici-
ation screening to exclude the presence of cardiovascular
isorders (or other medical conditions) associated with the
ncreased risk for sudden death. At the Institute of Sports
edicine and Science (Rome, Italy), competitive athletes
re evaluated according to a medical and cardiovascular
rogram that includes history, physical examination, 12-
ead ECG, and 2-dimensional Doppler echocardiogram (8).
Data of Italian soccer players evaluated within this program
were derived from the database of this institute.
Study population. All African athletes qualified for the 8th
frican Under-17 Championship of 2009 entered the
tudy, with a total of 154 soccer players representing 8
ountries (Algeria, Burkina Faso, Cameroon, Gambia,
uinea, Malawi, Nigeria, and Zimbabwe). Athletes had
een training and competing for 3 consecutive years and
epresented the best competitors in the 17-year-old cat-
gory. Sixty-two Italian soccer players were selected for
omparison, based on similar level of achievement (first
eague division), duration of training, age, and time period
f evaluation.
Athletes were usually engaged in 6-day training sessions
er week, each 2 h, including either general conditioning
r specific technical programs. Each subject included in this
nalysis was judged to be free of patent cardiovascular
isease on the basis of the history, physical examination
with blood pressure consistently 140/90 mm Hg), and
chocardiography results. Two athletes with mildly increased
ystolic pulmonary artery pressure (30 to 35 mm Hg) in the
Abbreviations
and Acronyms
BSA  body surface area
ECG 
electrocardiographic/
electrocardiogram
HCM  hypertrophic
cardiomyopathy
LV  left ventricular
RBBB  right bundle
branch blockbsence of symptoms or structural cardiac abnormalities iere retained in the study population. In athletes with
ncreased LV wall thickness (13 mm) and/or markedly
ilated LV cavity (60 mm), physiological remodeling was
istinguished from hypertrophic cardiomyopathy (HCM)
nd dilated cardiomyopathy, respectively, according to pre-
iously described criteria (9–13). Diagnosis of arrhythmo-
enic right ventricular cardiomyopathy was based on clini-
ally accepted criteria (14).
lectrocardiography. Standard 12-lead ECGs were per-
ormed with the subject in the supine position after a few
inutes of rest during quiet respiration and recorded at 25
m/s. ECG analysis was performed according to previously
escribed criteria (15). Specifically, we measured heart rate
beats/min), PR interval (ms), QRS duration (ms), QT
nterval corrected for the heart rate (s) (16), presence of Q
aves (2 mm in depth in 2 leads), R/S-wave amplitude
n precordial leads (S1R5) (mm), and Sokolow-Lyon
riterion for LV hypertrophy (positive if 35 mm) (17),
resence and shape (concave or domed) of ST-segment
levation (1 mm, in 2 contiguous leads), presence of
-wave (1 mm), or ST-segment slurring (18), T-wave
nversion (2 mm in depth in 2 contiguous leads, with
xclusion of III and aVR), and flat/biphasic T-wave pattern
in 2 contiguous leads).
chocardiography. Two-dimensional and Doppler echo-
ardiographic studies were performed with commercially
vailable instruments (Esaote Italia, Genoa, Italy, and
hilips Medical Systems, Bothell, Washington). Images of
he heart were obtained in multiple cross-sectional planes
y using standard transducer positions. M-mode echo-
ardiograms were derived from 2-dimensional images
nder direct anatomic visualization and recorded at 100
m/s. Measurements of end-diastolic and end-systolic
V cavity dimensions, anterior ventricular septal, and
osterior free wall thicknesses were obtained as previously
ecommended (19). LV mass was calculated by using the
ormula of Devereux (20) and was indexed to body
urface area (BSA). Relative wall thickness (h/r) was the
atio of septal and posterior free wall thicknesses to LV
entricular cavity diameter.
Ejection fraction was assessed from end-diastolic and
nd-systolic LV volumes, in the apical 4-chamber view, and
uantified according to the modified Simpson rule (19).
arameters of LV filling were obtained with pulsed Doppler
chocardiography, as described previously (21).
This study was funded by the FIFA and the Italian
ational Olympic Committee. The study design was ap-
roved by the institutional review board and the Conseil
ational de l=Ordre des Médecins, Algeria. Written in-
ormed consent was waived for athletes undergoing a
linical evaluation pursuant to Italian law and institute
olicy. Selected data from the 154 African athletes were
resented in a previous report (22). All records and clinical
ata are kept in a database maintained by our study
nstitutions.
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March 13, 2012:1029–36 The Athlete’s Heart in Adolescent AfricansStatistical methods. Data are expressed as mean  SD.
ifferences between means were assessed by using the un-
aired Student t test. Differences of proportions were assessed
y using the chi-square test. A 2-tailed p value  0.05 was
considered statistically significant.
Linear regression and stepwise regression analyses were
used to investigate the association of ECG (R/S-wave
voltages) with demographic (age), anthropometric (BSA),
and morphological (LV cavity size, wall thicknesses, relative
wall thickness, LV mass, and left atrium) variables. One-
way analysis of variance was used to assess differences of
selected variables within the different African subgroups,
and when F test results were significant, multiple tests (e.g.,
Tukey, Bonferroni) were used in the post-hoc analysis for
pairwise comparisons. Statistical analysis was performed by
using BMDP software (23).
Results
Demographic characteristics. African athletes originated
from different ethnic groups, including Semitic-Hamitic (1
team), Bantu (2 teams), and variety of western/central/
eastern Bantoid, Manda, and Hausa (5 teams). Caucasian
athletes were all of Italian descent. The African and Cau-
casian athletes were similarly aged (both, age range 14 to 18
years; mean age 15.9  0.7 years vs. 16.5  1.1 years,
respectively; p  0.01). BSA was mildly lower in Africans
than Caucasians (1.80  0.12 m2 vs. 1.85  0.11 m2; p 
0.009). Within the group of African players, athletes from
Malawi had significantly smaller BSA than those from other
countries (p  0.01).
ECG patterns. Characteristics of the ECG patterns are
reported in Table 1. Africans had mean heart rate similar to
Caucasians and similar prevalence of bradycardia (i.e., 60
beats/min). Africans had a longer PR interval (0.20 s)
Electrocardiographic Patterns in Adolescent AfrTable 1 Electrocardiographic Patterns in Ad
Heart rate (beats/min) 58
PR interval (ms) 169
QRS complex duration (ms) 90.2
R/S-wave voltages (S1R5) (mm) 48.6
QTc interval (s) 0.39
Sinus bradycardia (heart rate 60 beats/min)
First-degree AV block (PR interval 0.20 s)
Incomplete RBBB (QRS  0.10 0.12 s)
LA enlargement
Q waves ( 2mm in 2 leads)
Sokolow-Lyon criteria for LVH
ST-segment elevation (1 mm in 2 leads)
J waves and/or slurring on ST-segment elevation
Inverted T waves (2 mm in 2 leads)
Flat/biphasic T waves (in 2 leads)Values are mean  SD (ranges) or %.
LA  left atrial; LVH  left ventricular hypertrophy; RBBB  right bundle bthan Caucasians and a more frequently prolonged PR
interval (14% vs. to 3%; p  0.03).
Africans showed significantly shorter mean QRS dura-
tion (90.2 ms vs. 99.5 ms; p  0.001). About one-third of
Africans and Caucasians had QRS intervals 0.10 s, with
incomplete right bundle branch block (RBBB) morphology;
only 1 Caucasian presented complete RBBB. Africans
showed greatly higher R/S-wave voltages than Caucasians
(maximum S1R5 94 mm vs. 63 mm) and larger proportion
of ECG criteria for LV hypertrophy (89% vs. 42%; p 
0.001). Mean QTc interval was similar in both groups; 2%
of the Africans (but none of the Caucasians) had QTc
intervals 0.44 s, with 0.47 s representing the longest
interval.
The ST-segment elevation (early repolarization pattern)
was present in 91% of Africans and 56% of Caucasians (p
0.001). Specifically, the ST-segment elevation was concave-
shaped in a similar proportion of Africans and Caucasians
(57% and 55%, respectively), whereas the convex (domed)
shape was observed almost exclusively in Africans (34% vs.
1%; p  0.001). The J-wave and/or ST-segment slurring
were identified in 29 (19%) Africans, in all cases associated
with ST-segment elevation, most frequently in lateral (n 
13) or inferolateral (n  12) leads. Caucasians showed
similar prevalence (n 8 [13%]) and location of J waves and
ST-segment slurring.
Africans showed larger proportions than Caucasians of
either deeply inverted T waves (n  22 [14%] vs. n  2
[3%]; p  0.05) and diffusely flat/biphasic T waves (n 
39 [25%] vs. n  5 [8%]; p  0.008). Inverted T waves
in Africans were limited to anterior precordial leads V1 to
4 in 10 (6%) and extended to lateral (V5 to V6) and
nferior standard leads (III and AVF) in the remaining
2 (8%).
and Caucasian Soccer Playersent African and Caucasian Soccer Players
n Players
154)
Caucasian Players
(n  62) p Value
1–95) 58 9 (43–81) NS
(110–292) 149 22 (114–214) 0.001
(74–112) 99.5 9.3 (84–122) 0.001
1 (19-94) 34.1 8.9 (13–63) 0.01
2 (0.34–0.47) 0.39 0.05 (0.35–0.44) NS
1% 60% NS
4% 3% 0.03
2% 39% NS
9% 3% NS
7% 16% NS
9% 42% 0.001
1% 56% 0.001
8% 13% NS
4% 3% 0.05
5% 8% 0.008icanolesc
Africa
(n 
 9 (4
 32
 6.9
 12.
 0.0
6
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3
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The Athlete’s Heart in Adolescent Africans March 13, 2012:1029–36Echocardiographic patterns. Cardiac dimensions are re-
ported in Table 2. African athletes had similar LV cavity
dimensions (either diastolic and systolic) than Caucasian
athletes. In both groups, a substantial subset of adoles-
cent athletes (16% of Africans and 17% of Caucasians)
presented increased LV cavity (i.e., diastolic diameter
54 mm). Only 1 African had LV cavity 60 mm. LV
wall thicknesses, both ventricular septum and free wall,
were increased in African athletes, by an average of 5%,
compared with the Caucasian athletes. Maximum LV
wall thickness exceeded the upper normal limits (i.e.,
13 mm) in 4 Africans but in none of the Caucasians.
Accordingly, LV mass index was larger in Africans and
exceeded normal limits (125 g/m2) in 16 (10%). Rela-
ive wall thickness was also higher in Africans, with 10%
f them above the upper limits (i.e., 0.44). Average left
trial size was larger in Africans, with a subset of 14%
howing a transverse diameter of 40 mm.
LV ejection fraction did not differ between the 2 groups,
nd it was 50% in each athlete. On visual assessment,
one showed segmental wall motion abnormalities. Early
nd late diastolic Doppler filling peak velocities were rela-
ively higher in Caucasians, but the early-to-late ratio was
imilar between groups, and none of the athletes presented
ith abnormal transmitral LV filling pattern.
None of the African or Caucasian athletes showed
vidence of structural heart disease (i.e., HCM, dilated
ardiomyopathy, arrhythmogenic right ventricular cardio-
yopathy) based on morphological or clinical assessment.
f the 61 African athletes with either deeply inverted or flat
-wave patterns, only 6 had increased LV thickness and/or
ass. All 7 Caucasians with repolarization abnormalities
ad normal LV dimensions.
Cardiac Dimensions in Adolescent African and CTable 2 Cardiac Dimensions in Adolescent A
LV end-diastolic dimensions (mm) 51
Normalized LV end-diastolic dimensions (mm/m2) 28
LV end-systolic dimensions (mm) 32
Normalized LV end-systolic dimensions (mm/m2) 18
Ventricular septum (mm) 9
Normalized ventricular septum (mm/m2) 5
Posterior free wall (mm) 9
Normalized posterior free wall (mm/m2) 5
h/r ratio 0.3
Aortic root (mm) 30
Left atrium (mm) 35
LV mass/BSA (g/m2) 101
LVEF (%) 6
E wave (cm/s) 77
A wave (cm/s) 40
E/A ratio 2
Values are mean  SD (ranges).
A  late (atrial) diastolic peak-flow velocity; BSA  body surface area; E 
diastolic filling peak-flow velocities; EF  ejection fraction; LV  left ventricuMultivariate statistical analysis showed no relation of
ardiac dimensions (either LV wall thickness, cavity size,
ass, or relative wall thickness) with precordial R/S-wave
oltages in the overall athlete population, and separately in
ither Africans and Caucasians.
CG and echocardiographic peculiarities of African
thletes according to their origin. One-way analysis of
ariance revealed that certain ECG and morphological
eatures were different in African athletes according to their
ountry of origin (Table 3). Cardiac dimensions differed
ccording to ethnic origin, with Algerian athletes presenting
arger LV cavity than athletes from sub-Saharan countries
Guinea and Zimbabwe). Individual analysis showed that
ncreased LV wall thickness (13 mm) was observed only in
thletes of sub-Saharan origin, such as Burkina Faso,
ameroon, and Niger.
Algerians also exhibited a lower R/S-wave voltage com-
ared with all other African athletes. Indeed, either the
T-segment elevation or abnormal repolarization patterns
ere less frequent in Algerians compared with athletes from
ub-Saharan countries, such as Cameroon, Gambia, and
alawi (Figs. 1 and 2).
iscussion
s the proportion of African athletes increases within the
aucasian-inhabited countries, questions regarding the dif-
erential diagnosis between athlete’s heart and quiescent
ardiomyopathies (most commonly, HCM) become crucial.
his is because subjects of African descent commonly
xhibit marked LV hypertrophy and abnormal ECG pat-
erns (1–4) and are considered more frequently exposed to
isk of sudden cardiac death than Caucasians (24,25). The
resent investigation addresses this problem by providing
sian Soccer Playersn and Caucasian Soccer Players
an Players
 154)
Caucasian Players
(n  62) p Value
.6 (42–62) 51.9 2.6 (48–58) NS
.3 (24–39) 28.0 1.6 (24–33) NS
.5 (22–42) 33.1 3.3 (26–40) NS
.2 (13–26) 17.9 1.8 (14–23) NS
.3 (6–13) 9.2 1.0 (7–12) 0.001
.8 (3.2–7.0) 5.0 0.5 (3.4–6.1) 0.001
.4 (6–13) 9.0 0.8 (7–11) 0.001
.8 (4.0–7.4) 4.8 0.5 (3.4–6.0) 0.001
.05 (0.24–0.56) 0.35 0.03 (0.25–0.44) 0.001
.9 (25–38) 29.2 2.6 (24–37) NS
.5 (30–44) 32.3 2.9 (28–39) 0.001
8.7 (60–181) 92.4 13.2 (65–122) 0.001
(50–78) 64 5 (55–72) NS
3.2 (44–120) 90.1 16.5 (55–132) 0.001
.3 (20–70) 43.1 .6 (30–67) 0.03
.6 (1.1–4.5) 2.1 0.5 (1.2–3.3) NSaucafrica
Afric
(n
.0 3
.3 2
.7 3
.1 2
.7 1
.4 0
.6 1
.3 0
8 0
.0 3
.5 4
.4 1
5 6
.2 1
.3 9
.0 0early diastolic filling peak-flow velocity; E/A  ratio of early-to-late
lar; h/r  relative wall thickness.
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March 13, 2012:1029–36 The Athlete’s Heart in Adolescent Africansnew information regarding the characteristics of the ath-
letes’ heart in young adolescent African individuals.
ECG patterns. The main finding of our investigation was
the large proportion of ECG criteria for LV hypertrophy in
adolescent African athletes, due to marked increase of
R/S-wave voltage (in about 90%) and ST/T-wave changes
(in about 40%). The usual QRS pattern in Africans was
exceedingly high in voltage (mean R5S1 48 mm), relatively
hort in duration (mean 90 ms), and associated in most
nstances (90%) with ST-segment elevation in precordial
eads. Caucasians, in comparison, displayed lower R/S-
ave voltage (mean –30%) and longer QRS duration
mean 0.9 ms).
Mechanisms explaining the shorter QRS duration and
arkedly increased R/S-wave voltages in the African ath-
etes were not addressed in this study and remain largely
nexplained. However, they are likely independent from
xtent of morphological LV remodeling (no relation be-
ween cardiac dimensions and ECG voltages was found) or
ge and level of training (similar in both groups).
A detailed inspection of ST-segment elevation revealed
hat the concave-shaped pattern was frequent in both
fricans and Caucasians (about 50% of athletes). The
onvex, domed-shape pattern was present in a large subset
about 30%) of Africans, supporting the view that it may
epresent a race-related response to training, deprived of
linical significance (4); this pattern was, instead, exceed-
ngly rare (1%) in Caucasians, suggesting a more cautious
linical interpretation.
Not surprisingly, the proportion of J-wave and/or slurred
T-segment elevation in African athletes was higher com-
ared with the general population (reported as 10%
26,27]) and in all instances associated with ST-segment
levation, suggesting that these alterations may be related to
oung age and athletic conditioning. However, the ultimate
linical significance of these alterations, which recently
aised attention as potential marker for risk of ventricular
Anthropometric, Echocardiographic, and Electrocardiographic Charof Af ican A hletes Accordin to Their Country f OriginTable 3 Anthrop metr c, Echo ardiographic, n Electro ardiogof African Athletes According to Their Country of Origi
Country
BSA
(m2)
LVDD
(mm)
Algeria (n  20) 1.84 0.11 53.3 9.7
Burkina-Faso (n  20) 1.79 0.11 50.6 3.0 1
Cameroon (n  18) 1.89 0.11 52.8 3.1 1
Gambia (n  20) 1.86 0.11 51.8 3.2
Guinea (n  18) 1.84 0.09 49.2 2.0* 1
Malawi (n  18) 1.70 0.12*† 50.3 3.7
Niger (n  22) 1.80 0.14 51.2 3.0
Zimbabwe (n  18) 1.75 0.12* 48.5 3.9*
Values are mean  SD or %. F value for overall groups: p  0.001. Statistical differences: BSA:
alawi versus Burkina Faso. LVDD: subgroups comparison: p  0.01 Guinea and Zimbabwe ve
comparisons: †p 0.05 Zimbabwe versus Guinea. Sokolow score: subgroups comparison: p 0.0
versus Algeria and Burkina Faso. Inverted/Flat T-waves: subgroups comparison: ‡p  0.001 Gamb
Cameroon.
BSA  body surface area; LVDD  left ventricular diastolic dimension; Max WT  maximum lebrillation (18), remains to be defined. aAs previously reported in selected groups of adult athletes
2,4), either deeply inverted T waves or diffusely flat/
iphasic T-wave patterns were largely present in adolescent
fricans (overall 39% vs. 11% of Caucasians). In particular,
iffuse and deeply inverted T waves raised clinical concern,
nstinctively suggesting a pathological condition such as
CM. However, no structural disease was evident in any
thlete, despite careful echocardiographic and clinical inves-
igation. Based on limitations of our diagnostic investigation
lack of cardiac magnetic resonance testing, genetic testing,
r family screening), however, we cannot definitely exclude
he presence of HCM in a number of our athletes. Indeed,
e are aware that long-term follow-up is needed in athletes
ith inverted T waves before morphological criteria for
CM diagnosis becomes evident (28). We do not believe,
evertheless, that all athletes with such abnormal repolar-
zation patterns represent undetected HCM, and we assume
hat athletic conditioning itself may affect ECG pattern, as
reviously suggested (15), by triggering or enhancing repo-
arization abnormalities, largely independent on morpho-
ogical LV remodeling.
orphological LV remodeling. Our investigation con-
rmed that African athletes show a different pattern of LV
emodeling compared with Caucasians, characterized by a
reater increase in LV wall thicknesses, mass, and relative
all thickness but similar cavity size. This “disproportion-
te” wall thickening suggests that undefined determinants
ssociated with black race may amplify the physiological
all thickening in response to volume overload associated
ith chronic exercise.
Comparison of adolescent versus adult athletes of African
escent (1) shows that transition from adolescence to
dulthood age is associated with a moderate increase of
ardiac dimensions, as expected, in association with body
aturation and continued exercise training. Paradoxically,
revalence of ECG criteria for LV hypertrophy and ST-
egment elevation pattern is, however, larger in adolescents
isticsc Characteristics
WT
)
Sokolow Score
(17) (mm)
ST-Segment
Elevation (%)
Inverted/Flat
T Waves (%)
1.1 40.4 11.3† 70 15
1.8 50.4 13.8 70 30
1.4 46.2 1.2 100† 28
1.1 52.0 11.8 75 70‡
0.9 47.3 10.9 78 44†
1.1 52.3 10.9 94 61*
1.4 50.9 14.2 91 36
1.6† 48.8 8.7 94 6
ps comparison: *p  0.01 Malawi versus Algeria, Cameroon, Gambia, Guinea, Niger. †p  0.05
geria and Cameroon. †p  0.05 Gambia and Cameroon versus Zimbabwe. Max WT: subgroups
ia versus Gambia andMalawi. ST-segment elevation: subgroups comparison: †p 0.05 Cameroon
lgeria, Zimbabwe. p  0.01 Malawi vs. Algeria, Zimbabwe. †p  0.05 Gambia vs. Burkina-Faso,
icular wall thickness.acterraph
n
Max
(mm
9.5
0.1
0.3
9.6
0.5
9.6
9.5
9.1
subgrou
rsus Al
5 Alger
ia vs. And appears to decrease with ageing.
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The Athlete’s Heart in Adolescent Africans March 13, 2012:1029–36Finally, our investigation suggests that differences may
exist in cardiac dimensions and ECG patterns within the
African athletes in relation to their ethnic origin. Specifi-
cally, athletes from Algeria have smaller R/S-wave voltage
and ST-segment elevation/T-wave changes, and larger LV
cavity dimensions compared with other African athletes,
presenting therefore characteristics in-between Caucasians
and sub-Saharan athletes.
Information derived from our investigation has relevant
clinical significance in the setting of preparticipation screening
for competitive athletes of African origin. Our data suggest
that implementation of mass ECG screenings in a multiethnic
population, including black individuals (such as in the United
States), requires knowledge of the race-related ECG differ-
ences, which are still poorly understood. This gap of knowl-
edge represents, however, strong stimulus for new, ongoing
observational studies, such as the present one, which will clarify
in adolescent blacks the differences among the harmless,
training-related ECG alterations and those potentially express-
Figure 1 Representative Differences in ECG Patterns in Adoles
(A) A 16-year-old athlete from Burkina Faso, showing mildly increased S/R-wave v
inversion (V4,5). Note also the presence of ST-segment slurring (V5,6). (B) A 17-ye
increased R/S-wave voltage (V3 to V6), ST-segment elevation of domed pattern (V2
Niger, showing markedly increased R/S-wave voltage (V3 to V5), ST-segment eleva
from Algeria, showing mildly increased R/S-wave voltage (V3 to V5), and mild ST-se
Italy, showing mildly increased S-wave voltage (V2 and V3) and mild ST-segment eling pathological conditions, as have been recently described inCaucasians (29). We hope that the information here reported
may improve the understanding of athlete’s heart in adolescent
Africans by reducing false-positive testing results and thus
avoiding unnecessary diagnostic investigations (30). Ulti-
mately, this information may be useful to preserve the unlim-
ited opportunities associated with competitive/professional
sport participation in adolescent African athletes.
Study limitations. Our study population included a re-
stricted number of adolescent, male athletes from se-
lected countries and cannot be considered representative
of the entire African population, encompassing a variety
of individuals with broad range of ages, types of sports
activities, and both sexes. Therefore, our results cannot
be applied directly to athletes from different African
countries. Indeed, our study design did not include
cardiac magnetic resonance testing, genetic testing, or
family screening and was designed as “cross-sectional”;
therefore, we cannot exclude with certainty the presence
of HCM (or other cardiomyopathies) in selected athletes
African Athletes (Precordial Leads V1 to V6)
(V3,5) and distinct ST-segment elevation of a domed pattern with terminal T-wave
thlete from Cameroon, showing incomplete right bundle branch block (V1),
) with terminal T-wave inversion, and Q waves (V6). (C) A 17-year-old athlete from
domed pattern (V2-4) with terminal T-wave inversion. (D) A 17-year-old athlete
t elevation of concave pattern in the same leads. (E) A 16-year-old athlete from
of concave pattern (V2 to V4). ECG  electrocardiogram.cent
oltage
ar-old a
to V4
tion of
gmen
evationwith abnormal ECG findings.
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March 13, 2012:1029–36 The Athlete’s Heart in Adolescent AfricansConclusions
The present investigation found that adolescent African
athletes presented with a large proportion of ECG abnor-
malities, including a striking increase in R/S-wave voltage,
usually associated with ST-segment elevation, and larger
prevalence of deeply inverted or diffusely flat T waves
compared with Caucasian athletes. Indeed, LV remodeling
in African athletes was characterized by a disproportionate
wall thickening but similar cavity size compared with
Caucasian athletes.
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